Furrows in ancient dark terrain on Ganymede form three systems that are each hemispheric or greater in scale. The oldest of the systems, designated system ]II, is dominated by approximately concentric troughs centered on about 60øN,50øW. System I, in the anti-Jovian hemisphere, contains concentric and subradial furrows arrayed around a large, degraded palimpsest centered at 15øS,165øW. Furrows in each system formed on and locally are buried by dark volcanic materials that embay and infill preexisting topographic features; they crosscut extremely few well preserved older craters; and they occur on surfaces having significantly different relative crater ages. System 11, also in the anti-Jovian hemisphere, contains widely spaced, radially arrayed furrows commonly 500-2000 km in length, which are organized around a large area of dark smooth resurfacing material, intense dark terrain fracturing, and some of the globally oldest light material. The total thickness of dark terrain resurfacing, estimated using the stratigraphy of different dark material deposits and the rim heights of the largest crater size class whose density was depleted by each deposit, is probably in the range of 3-8 kin. Multiple models of the origin of each furrow system were tested using observed geologic features and patterns. Systems I and ]II were found to be most consistent with reactivation of impact-generated, multitinged structures by endogenic global extension, during a period of widespread dark material volcanism that obliterated a dense, ancient crater population. System 1I was found to be most consistent with fracturing of a single, circular, isostatic uplift covering an entire hemisphere. On the basis of geologic observations and interpretations and theoretical models of convection in spheres, it is hypothesized that the uplift developed by long-term warming of the upwelling current of a single axisymmetric convection cell in an initially cooler, undifferentiated interior. Such warming would also have created global expansion and supplied the tensional stress inferred to have formed systems I and 111. This hypothesis is supported by the concentration around the center of system 1I of intense fracturing and relatively young dark volcanic deposits, suggestive of high lithospheric heat flow, lithospheric thinning, and stress concentration. An observed long-term decrease in the width of extensional tectonic features interpreted to be of endogenic origin is also consistent with lithospheric thinning due to warming of a cool interior.
INTRODUCTION
Approximately half of Ganymede's surface consists of heavily cratered dark materials which occur in polygonal blocks outlined by younger, resurfaced light terrain [Smith et al., 1979a,b] . Much of the light terrain has been pervasively cut by U-shaped tectonic troughs or "grooves," forming "grooved terrain." Also, some small dark polygons have hummocky or pervasively fractured surfaces ("reticulate terrain") that were deformed during early stages of grooved the sub-Jovian hemisphere and is dominated by arcuate troughs. Schenk and McKinnon [1987] interpreted "system III" furrows really to form two systems, one arranged concentrically to 38øN,32øW and a superposed one arranged concentrically to 56øN,46øW. Murchie and Head [1987, 1988] interpreted the furrows to form a single system arranged generally concentric to 60øN,50øW. Several groups of workers have noted that the orientation of system I arcuate furrows changes abruptly between Galileo Regio and Marius Regio ( [1982] , and Schenk and McKinnon [1987] have suggested that arcuate furrows originated as ring graben due to collapse of a large impact cavity in a low-viscosity mantle. Casacchia and Strom [ 1984] and Murchie and Head [ 1987] suggested that some furrows originated by fracturing of a domal uplift. Thomas et al. [1986] suggested that furrows originated by volcanic and tectonic reactivation of relict tidal fractures. Croft and Strom [1985] , Croft and Goudreau [1987] , and Croft et al. [1990] suggested that furrow formation resulted from regional-scale tectonism. Murchie and Head [1987] suggested that arcuate furrows formed by extensional tectonic reactivation of impactgenerated fractures.
Two very different interpretations of the origin of dark In this study the origins of dark terrain and its three furrow systems are investigated, and results of this analysis are used to develop a hypothesis for the early evolution of Ganymede. First, multiple, testable models of furrow origin are presented.
Second, each furrow system's structure, stratigraphy, global organization, and relationship to regional patterns of dark terrain resurfacing are characterized using geologic mapping and observations and crater density measurements. Third, the models of furrow origin are tested separately for each system using observed geologic features and relations. Finally, the results of these tests are considered in light of theoretical models of convection in spheres, and a hypothesis linking dark terrain geology to Ganymede's early thermal evolution is outlined and discussed.
Mapping
Resolvable furrows in both hemispheres were mapped using Voyager 1 and 2 images and conlxolled U.S. Geological Survey quadrangle maps. Furrow traces and light terrain-dark terrain contacts were digitally compiled and reprojected into Mercator maps of both hemispheres. Where two furrow systems occur together they were separated on the basis of relative age using stratigraphic relations, so that each system could be analyzed separately. Different dark terrain surface units were defined on the basis of the presence or absence of furrows, surface morphology, and single-scattering albedos calculated by Helfenstein [1986] . In the anti-Jovian hemisphere, for which higher-resolution images are available, six recognized dark terrain surface units were mapped in detail.
Systems I and II occur in Marius Regio and Galileo Regio, which may have been offset left-laterally by 500 km since is no evidence for disruption of the observed system III furrows by any shear offsets in excess of about 50 km. To restore systems I and II to their proposed original configurations, the 500 km of left-lateral shear was removed by rotating all mapped Galileo Regio slxuctures and contacts about the pole of the small circle approximately followed by the shear fault zone (44øN, 120øW). The restored configuration was analyzed in this study and is displayed in all relevant figures with the exception of Figure 1 . However, had the present configuration been used instead in the following analysis, there would be no major difference in the conclusions; the 500 km of shear has only a relatively small effect on the overall geometry of furrow systems in excess of 6000 km across.
Measurement and Interpretation of Crater Densities
Crater density measurement. To aid in characterizing the relative ages and modificational histories of major dark terrain surfaces, crater densities were measured from orthographically projected, contrast-enhanced Voyager images for 10 separate areas ranging in size from 125,000 to 670,000 km 2. Among these areas are one or more representative samples of both surface units recognized in the sub-Jovian hemisphere, and five of the six units recognized in the anti-Jovian hemisphere (Figures 3a and 3b ). Incremental and cumulative size-frequency distributions and cumulative densities of >10-km and >20-km craters were computed for each area. Measured crater densities and sizes, locations, and descriptions of the counted areas are given in Table 1 , and incremental size-frequency distributions are illustrated in Figure 4 .
Lateral differences in crater density on Ganymede's surface may represent real differences in the cratering record, or alternatively, they may result from errors in identifying and measuring craters. Possible sources of error in the measurements used in this study were discussed by Murchie et al. [1989b] .
Perhaps the most important type of error is observational loss of craters, which could be caused by oblique viewing of crater-counted areas, unfavorable illumination of the counted areas (i.e., high sun angles), or counting of small craters that are only marginally resolvable in available images.
Observational loss could occur at all crater diameters, but is shown by the results of Lissauer et al. [1988] to be most significant at small diameters. Substantial observational loss below some crater diameter should be accompanied by a consistent downturn in measured crater frequency with decreasing crater size [cf. Hartmann et al., 1981] . This downturn occurs in most of the counted areas at and below the 5-to 7-km diameter increment; the downturn occurs at and below the largest diameter increment (7-10 kin) in the most unfavorably illuminated counted area, northwestern Nicholson Regio (Figure 4) . In none of the counted areas is there a consistent downturn within the >10-km diameter range, that which is used in this study for comparison of crater densities of different areas. Therefore observational loss of craters in the diameter range analyzed in this study is judged probably to be minor, and lateral differences in measured crater density are judged to be indicative of real differences in the cratering record. We emphasize, however, that lateral crater density differences due to minor observational losses in some areas cannot be entirely ruled out, and we proceed from here with this caveat. Using the presence or absence of an apex-antapex density gradient for some class of craters as evidence for or against heliocentric bombardment implicitly assumes a laterally uniform surface age, and the evidence for laterally nonsynchronous resurfacing makes this extremely unlikely. Murchie et al. [1989a,b] performed two tests for heliocentric or planetocentric bombardment which do not assume a laterally uniform surface age. First, they examined the variation with distance from the apex in the shapes of crater size-frequency distributions that are interpreted to be production functions. a See Figure 3 for location. In addition to determination of surface ages, crater sizefrequency distributions provide the basis for inferring aspects of the history of dark terrain resurfacing. Specifically, the thickness of a shallow layer of resurfacing material may be estimated from the rim height of the largest crater size class whose density was depleted by superposition of the layer (i.e., the largest crater size class that was widely buried). Two relationships of crater rim height to crater diameter may be employed for this purpose. The first is that determined by Pike [1981] for fresh craters on the moon, whose gravity approximates that of Ganymede. The second relationship is that determined by Passey [1983] for younger Ganymedean craters using the technique of photoclinometry. The latter relationship yields a rim height two-thirds smaller for a crater of a given size, consistent with the shallower depths of craters on icy than rocky bodies documented by Croft [1981] and Schenk [1989] . However, Woronow et al. [1982] and Murchie et al. [1989b] showed that the density of small craters in light terrain has been depleted by shallow light material resurfacing, so that many exposed craters are likely to be parfly infilled. In this case, Passey's relationship probably yields minimum rim heights for fresh craters. The actual thickness of some shallow layer of resurfacing material may thus be bracketed by employing both relationships of crater rim height to crater diameter.
Analysis of measurements. Interpretation of relative crater

Testing of Models of Furrow Origin
A list was compiled of nine new and previously proposed models of furrow origin which are consistent with three basic assumptions about Ganymede's state of evolution at about 4 Ga, at the time when dark terrain is generally believed to have formed. First, the satellite was rotating synchronously long before that time [Peale, 1977] [Greeley et al., 1982] , production of abundant melt due to impact heating [Croft, 1983; Murchie, 1988] , or subsequent resurfacing [Hartmann, 1984] . In addition, several radially arranged troughs 50-100 km in length occur within the ring system. Conspicuous preexisting groove sets in the western part of the multiringed structure are crosscut by the troughs but are not degraded beyond easy recognition. This multiringed structure is consistent with predictions of the ring graben hypothesis and could serve as the type location of a ring graben system on Ganymede.
Model 2 
GEOLOGY OF DARK TERRAIN AND THE FURROW SYSTEMS
In the following discussion, each of the three furrow systems will be treated separately and in order of decreasing calculated crater age. Each system's structure, stratigraphy, age, and association with volcanic and impact features will first be examined. Next, these observations will be used to test the models of furrow formation that were just described. Finally, the results of this analysis will be integrated to develop a geologic history of each furrow system. Previous studies of this furrow system have yielded differing interpretations of whether furrows in "system III" actually belong to one system or two. Schenk and McKinnon [1987] calculated poles of concentricity for the arcuate furrows in Perrine Regio and for those in Barnard Regio and Nicholson Regio that are east of 0øW. They found different centers of curvature and suggested that the furrows form two sets, one arranged concentric to 38øN,32øW (observed in Barnard and Nicholson Regio) and a superposed set in Perfine Regio arranged concentric to 56øN,46øW. Murchie and Head [1986, 1988] also measured poles of concentricity for furrows in Barnard Regio and Nicholson Regio, and they included in the measurements furrows as far west as 30øW. They found different centers of curvature in the two regions, neither of which is close to the center of curvature of the furrows in Perfine Regio. They interpreted the arcuate furrows to belong to a single system arranged crudely concentric to 60øN,50øW, whose concentricity breaks down in its distal portions (one-third to one-half the distance to the antipode) where furrow trends were highly influenced by preexisting structures [cf. Schenk and McKinnon, 1987] . The latter interpretation is more consistent with the lack of discontinuities in furrow orientation or major geologic boundaries between Perfine Regio and Barnard Regio.
System III
Two large surface units can be defined in the sub-Jovian hemisphere on the basis of morphology and albedo: (1) "Eastern Barnard Regio" and southeastern Nicholson Regio (Figures 10a and 10b) , and (2) Barnard Regio and northwestern Nicholson Regio (Figures 10c and 10d) . In "Eastern Barnard Regio" and southeastern Nicholson Regio the furrows have widths of 10 km or more, irregular to scalloped walls, and in some cases raised rims. Furrows are superposed on several large craters which retain significant topographic relief (e.g., left arrow, Figure 10b ). In Barnard Regio and northwestern Nicholson Regio furrows are generally narrower than in the other surface unit, with widths of about 6 km [Croft and Goudreau, 1987] . They also typically have more linear walls, and they crosscut only a few very flattened craters (e.g., arrow, Figure 10d Figure 14 illustrates that, throughout Galileo Regio, the subradial system I furrows are in fact arrayed radially about the center of system III. The relationship of both arcuate and subradial system I furrow orientations to system III structural trends is evidence that reactivation of older structures was important in furrow formation.
Stratigraphic relations of system I furrows vary on both local and regional scales. In Marius Regio, subradial furrows are superposed on the arcuate furrows, occur singly, and have lengths of 50-200 km. Two classes of subradial furrows occur in Galileo Regio. One class contains furrows 100-500 km in length, occurring singly or in pairs, that are usually crosscut by and predate the arcuate furrows. However, a number of these subradial furrows also crosscut and postdate arcuate furrows (arrows, Figure 15d) . The second class of subradial furrows consists of troughs 30-150 km in length and generally 2-6 km in width, which terminate against arcuate furrows in "Trelationships" (arrow, Figure 15e ). Where the short troughs terminate against the arcuate furrows, they are in some cases partly buried by arcuate furrow rim and flank materials, and they are sometimes also crosscut by one or more arcuate furrows. These relations suggest a complicated sequence of events, involving (1) structural confinement of the short subradial furrows by fractures within the arcuate furrows, and (2) resurfacing and fracturing along and within the arcuate furrows contemporaneously with formation of the short subradial furrows.
Galileo Regio and Marius Regio contain at least six surface units which are distinct in terms of morphology and albedo. Four of these units consist of smooth to hummocky materials, described below, that partially or completely bury system I furrows (Figure 16 ). However these materials are superposed by and predate the younger system II furrows, which are discussed later. The remaining two units are the dissimilar furrowed surfaces of Marius Regio (Figure 15a ) and Galileo Regio (Figures 15d and 15jO .
The dark terrain surface unit in system I with the greatest calculated crater age is northwestern Marius Regio (Figure 15a; normalized >10-km crater density, 342+35 x 10 -6 km-2).
Smooth to hummocky low-albedo material is cut by arcuate Figure 15c) . No smallcrater depletion is observed over most of the deposit (Figure 4) , suggesting that the bulk of the material is at least 600 m to 2 km in thickness. However, the southwestern portion of the deposit is depleted in <20-km craters, suggesting that the resurfacing material thins locally to a few hundred meters in thickness.
Galileo Regio exhibits the lowest calculated crater ages of all large dark terrain areas in either hemisphere. Northern and westem Galileo Regio (Figure 15d The center of system II coincides with a large area characterized by a concentration of smooth dark volcanic materials and intense fracturing. A small circle 3000-3500 km in radius and centered on the center of the system would circumscribe the majority of smooth to hummocky deposits which bury system I furrows (Figure 16 ). Also, 30-to 100-kinlong system I subradial furrows (interpreted to have formed by fracturing of arcuate furrow-defined rings) are concentrated in the parts of Galileo Regio and Marius Regio which are less than 2500-3000 km from the center of system II. Croft and Goudreau [1987] also noted this regional concentration of endogenic geologic activity.
The primary recognized occurrence of an unusual type of light grooved terrain, "complex grooved terrain" [Murchie et al., , 1989b , straddles the center of system II (Figure 16 ). This type of terrain contains complexly crosscutting and intertwined grooves and a mantle of light material that mostly obscure underlying topography. (The other grooved terrain surface that we would classify as this terrain type occurs in the south polar region, unit "tb" of DeHon et al. [1989] .) Both measured and normalized >10-km crater densities of complex grooved terrain (Tables 1 and 2 isostatic uplift, and is consistent with two independent observations. First, the lack of recognized distal compressional features in system II is consistent with the uplift having occurred in an environment of global tensional stress, which is predicted to have accompanied internal warming [Zuber and Parmentier, 1984b] . Second, the concentration of short system I subradial furrows around the center of system II is consistent with concentration of global tensional stress by lithospheric thinning over the thermal anomaly.
Interpreted geologic history. Some of the youngest dark terrain surfacing and most intense dark terrain fracturing occurred around the future center of system II, interpreted to be the location of a large-scale mantle thermal anomaly. As dark material emplacement tapered off at or before 3.8-4.0 Ga, system II furrows formed by fracturing of a circular, isostatic uplift over the anomaly. Subsequently, early stages of grooved terrain formation included the development of reticulate terrain with little resurfacing [Murchie et al., 1989b] . Light terrain emplacement then began, at least regionally at the site of the major thermal anomaly. lead to three fundamental inferences about the early geologic evolution of Ganymede' (1) dark materials consist of accumulated volcanic deposits; (2) a population of older craters, such as that observed on Callisto, was removed by burial by these deposits; and (3) most furrows formed by prolonged, endogenic, global extension that reactivated impact-generated zones of weakness. These results have important implications for the evolution of Ganymede's lithosphere, the satellite's internal thermal state, and the origin of the Ganymede-Callisto "dichotomy," which are briefly explored below.
Dark Terrain Evolution on Ganymede and Callisto
One of the primary geologic questions about the Galilean satellites is why the surface of Callisto consists entirely of dark terrain and lacks the light material and grooved terrain covering half of Ganymede's surface, despite the similarity of of Ganymede's dark terrain tectonic structures, furrows belonging to systems I and III, was found to be reactivation of impact-generated, multiringed structures by dark material volcanism and endogenic, global extension. Callisto's only known nonimpact structures are large multiring systems such as that surrounding Valhalla. In the earlier discussion of the geology of the Valhalla system, we noted evidence that it also is an impact-generated, multiringed structure that has been modified by endogenic activity (volcanism). The difference in the early geologic activity of Ganymede and Callisto is thus interpreted to have been one of intensity rather than one of style. This interpretation implies that the Ganymede-Callisto "dichotomy" did not develop until the end of dark terrain formation, probably at least at 3.8-4.0 Ga, when reticulate terrain, light terrain, and grooved terrain began to form on Ganymede.
Evolution of Dark Terrain Lithosphere
Thickness of dark terrain. The diameter ranges of craters depleted on different dark material surface units give some indication of the thicknesses of the resurfacing that formed these units, with typical values in the range of several hundred meters. The average total thickness of dark terrain resurfacing in selected areaa will now be estimated using these results and the stratigraphy and mapped extents of different dark material deposits.
Stratigraphic relations of dark furrowed and dark smooth materials, together with the materials' calculated crater ages, indicate that southeastern Nicholson Regio and northwestern Marius Regio are among the oldest dark terrain surfaces. The deposit on which furrows formed in southeastern Nicholson Regio essentially obliterated older topography, and so is interpreted to be at least 600 m to 2 km thick. The resurfacing which buried adjacent northwestern Nicholson Regio was interpreted earlier to be 300-800 m thick; if it buries a deposit like that exposed in southeastern Nicholson Regio, then the cumulative thickness of the dark materials would be 1-3 kin.
Northwestern Marius Regio was interpreted to have been resurfaced by 300-800 m of dark material shortly before furrow The only global-scale, clearly endogenic tectonic and volcanic patterns in dark terrain surfaces are the radial arrangement of system II furrows (Figure 17 ) and the concentration of system I subradial furrows and dark smooth material toward the center of the system (Figures 13 and 16 ).
The dimensions of the concentration of smooth material burying system I furrows suggest an underlying thermal anomaly at least 3000 km in radius; deformation of a similarly sized thermal uplift could explain the origin of furrow system 11, which is >5000 km in radius. The radial symmetry of the furrows indicates that any uplift was very nearly circular rather than oblong [cf. Withjack and Scheiner, 1982] . This evidence suggests the occurrence of a single, circular thermal anomaly and uplift of at least hemispheric scale, during the formation of dark terrain. Neither diapirism, global expansion, nor any recognized type of tidal deformation could produce this organized pattern on such a large scale. However, one-celled mantle convection may be capable of producing such a thermal anomaly and uplift. A cell of order l =1 would possess a single region of warm, upwelling material. Zebib et al. [1983] calculated that at progressively higher Rayleigh numbers, the region of warmest material would become progressively offset from the cell's center of mass and would develop into a circular warm layer underlying a portion of the sphere's surface 60ø-110 ø of arc in radius. Thus an initially cold, uniform planetary interior that warmed and conveered with a progressively higher Rayleigh number is expected to develop, over a prolonged period, a circular region of anomalously warm manfie. Thermal expansion of the waxming body would place its entire surface in tension, but the greatest warming and expansion would occur in the thermally anomalous region, generating a circular, isostatic thermal uplift. Deformation of the resulting dome would be by radial extensional features [cf. Sleep and Phillips, 1985] , but distal compressional features may not develop because of the global tensional stress. In addition, the region of anomalously warm manfie may be expected to be overlain by thinned lithosphere where volcanism and extensional tectonics could be concentrated.
Occurrence of one-celled convection in Ganymede would imply an upper limit of 700 km 01=0.27) on the radius of any convectively isolated, silicate-rich core [Zebib et al., 1983] 
Discussion of Paradigm
Some aspects of the above paradigm are similar to previously proposed models for the early geologic evolution of Ganymede, including radiogenic waxming of a cool interior [Croft, , 1986a If this accretionally heated region were able to "communicate" with the satellite's surface, gas-free accretion could generate an atmosphere with a partial pressure of H20 of 10-2-10 bars.
Thus the model of gas-free accretion leading to melting and icesilicate differentiation in the outer portion of Ganymede is probably not self-consistent, and the effects of a thin Ganymedean atmosphere on at least the later stages of accretion should be considered.
An accretionally generated atmosphere would have had a major effect on partitioning of the kinetic energy of accreting planetesimals and therefore on the extent of accretional melting. For example, much of the planetesimals' kinetic energy would have been deposited in the atmosphere; if accretion occurred rapidly, thermal disequilibrium of atmosphere and surface could have led to "cold" accretion of decelerated planetesimals [Lunine and Stevenson, 1982] . A Ganymedean atmosphere may also have disrupted accreting icy planetesimals into small fragments, if their material was weak and highly porous, but this possibility has not been assessed quantitatively. Safronov [1978] showed that if fragments of high-velocity planetesimals reached the surface of an accreting body at sizes of the order of 1 m or less, then their kinetic energy may have been deposited at shallow enough depth to be radiated into space. In this situation, accretional heating would have been minimal. Lunine and Stevenson [1982] also modeled the effect on accretional melting of formation of Ganymede within a protoJovian nebula. They found that the extent of melting is dependent upon the nebular temperature gradient, which is poorly constrained. They observed that rocklike bulk densities of Io and Europa are consistent with important amounts of water ice having condensed only outside Europa's orbit. They adjusted the nebular temperature gradient so that ice condensation would have begun just inside Ganymede's orbit, and on this basis predicted a warm enough ambient temperature at Ganymede to lead to deep differentiation after accretional heating. However, a nebular temperature gradient consistent with ice condensation having begun at or just outside the orbit of Europa would have led to cool enough ambient temperatures at Ganymede to severely retard accretional melting. This latter temperature regime is not unreasonable in light of the presentday abundance of water ice on Europa as well as on Ganymede an Callisto.
In summary, two supportable statements may be made about the plausibility of accretion of an undifferentiated Ganymede. First, gas-free accretion models which predict melting and icesilicate differentiation in Ganymede's outer portions are probably not self-consistent. Second, formation of an accretionally generated atmosphere or accretion within a cool portion of the proto-Jovian nebula would have been capable of retarding accretional melting and differentiation. [Spencer, 1987b] . Additionally, Roush [1987] showed that Ganymede's spectral reflectance in the 3-I.tm wavelength region requires the presence of a substantial silicate fraction in surface materials. Therefore all surface materials may contain a larger silicate fraction than has been thought, and depletion of near-surface silicate by differentiation of at least the outer portion of Ganymede is not required to explain the satellite's observed albedo properties and spectral reflectance. Third, the higher albedo of some dark terrain craters 50 km or more in diameter has been interpreted to indicate excavation of an upper mantle consisting of nearly clean ice McKinnon and Parmentier, 1986] . The results of Spencer [1987a,b] show that the higher albedo of the crater material is not uniquely indicative of a clean-ice composition. Also, the existence of a differentiated upper mantle would imply that all deeply excavated crater ejecta should possess a high albedo. In fact, many impact features 100 km or more in diameter possess ejecta similar in albedo to nearby dark volcanic materials [Passey and Shoemaker, 1982 ,168øW and 60øN,50øW , respectively, is consistent with their having formed by reactivation of multiringed impact structures by endogenic global extension and dark material volcanism. A third system of radial furrows is arranged around an area of young volcanic deposits and intense extensional deformation of the lithosphere. This latter furrow system is proposed to have originated by fracturing of a circular, isostatic thermal uplift on which volcanic resurfacing and extensional deformation due to global tensional stress were concentrated. The greater width of endogenic furrows than of younger, endogenic grooves suggests long-term thinning of the elastic lithosphere, which would be consistent with prolonged warming of the satellite's interior. Major aspects of the volcanic and tectonic history of dark terrain could be accounted for by warming and one-celled convection of an initially cold, undifferentiated satellite interior.
